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DEFINITIONS & ABBREVIATIONS'

#:

ALS:
Agrobacterium:
ANtCHS:
ANZFA:
AQIS:
AU:
BCH:
BGGO, Bureau GGO,
or GMO Office:
C&C'z
CaMV:
cfulg
CHI:
CHS:
DFR:
DHK:
DHM:
DHQ:
DIR:
DNA:
EC.
ERA:
EU:
F3H:
F3’H:
F3’5’H:
FLS:
FSANZ:
g:

GM:
GMAC:
GMHP:
GMO:
GR:
GTTAC:
ha:

IgE:
1gG:
IOGTR
JP:

LB:

n/a:
MAC:
MAFF
mg:
mg/g:
MG/L
mL.:
mm:
MRNA:

Number

Acetolactate Synthase

Means “A. tumefaciens AGL0”

Antirrhinum chalcone synthase

Australia New Zealand Food Authority (now FSANZ)
Australian Quarantine Inspection Services
Australia

Biosafety Clearing House

Bureau of Genetically Modified Organism, or Genetically Modified Organism
Office

Calcium Chloride

Cauliflower mosaic virus

Colony forming units

chalcone isomerase

chalcone synthase

dihydroflavonol reductase

dihydrokaempferol

dihydromyricetin

dihydroquercitin

Dealing involving intentional release
Deoxyribonucleid Acid

European Community

Environmental Risk Assessment

European Union

flavanone 3-hydroxylase

flavonoid 3’ hydroxylase

flavonoid 3’5’ hydroxylase

flavonol synthase

Food Standards Australia New Zealand (formerly ANZFA)
Gram

Genetically Modified

Genetic Manipulation Advisory Committee
Genetically Modified Higher Plant

Genetically Modified Organims

General Release Licence

Gene Technology Technical Advisory Committee
Hectare

Immunoglobulin E

Immunoglobulin G

Interim Office of the Gene Technology Regulator
Japan

Left Border

not applicable

Cauliflower mosaic virus/Mas chimeric promoter
The Ministry of Agriculture, Forestry and Fisheries of Japan
Milligrams

Milligrams per gram

Milligram per liter

Milliliter

Millimeter

Messenger ribonucleic acid
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ng/g:
n/k:
NRA:
OECD:
OGTR:
PBR:
PCR:
ppm:
RB:
RHS:
S.D.
SURB:
T-DNA
TGA:
Ti:
TLC:
TM:

UK:
UPQV:
US or USA:
US EPA:
US FDA:
WHO:
AR
no/g:
pug/mL:

Nanograms per gram
not known

National Registration Authority for Agricultural and Veterinary Chemicals

Organisation for Economic Co-operation and Development
Office of the Gene Technology Regulator

Plant Breeder’s Rights

Polymerase Chain Reaction

Parts per million

Right Border

Standard colour reference from the Royal Horticultural Society, London

Standard deviation

Sulfonylurea resistance gene B
Transfer-Deoxyribonucleid Acid
Therapeutic Goods Administration
Tumour-inducing

Thin Layer Chromatography

Trade Mark

United Kingdom

Union for the protection of plant varieties
United States of America

United States Environmental Protection Agency
United States Food and Drug Administration
World Health Organisation

Weight per volume

micorgrams per gram

micrograms per milliliter

! Note: any terms, words or abbreviation(s) not listed above can be taken to have the “common
general meaning™ as at the date of this submission.
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SECTION A
Technical information required in Annex I11B of
Directive 2001/18/EC

Florigene Pty. Limited, 1 Park Drive, Bundoora, VIC 3083, Australia (company).

The application is coordinated by Dr Steve Chandler.
Phone +61 3 9243 3802; Fax + 61 3 9243 3888; Email: schandler@florigene.com.au
Dr Chandler has a BSc and PhD from Birmingham University, UK. Dr Chandler has 25 years

experience in the areas of plant physiology, plant biochemistry, tissue culture, floriculture and the

trial and evaluation and commercialisation of genetically modified floricultural crops.

Application to import carnation variety FLORIGENE Moonaqua™(123.8.12)

Family name: Caryophyllaceae
(b) Genus: Dianthus

(c) Species: caryophyllus

(d) Sub-species: not applicable
(e) Cultivar/breeding line: Product is the cultivar FLORIGENE Moonaqua™(123.8.12)

() Common name: UK carnation, NL anjer, ESP clavel
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()  Modes(s) of reproduction: In wild Dianthus species, pollination is dependent on insects
and is only achieved by Lepidoptera (butterflies, moths), because of the position of the
nectaries deep in the flower. Apart from Lepidoptera no other insect can facilitate pollen
transfer. Dianthus pollen cannot be spread by wind.

Carnations are vegetatively propagated by taking cuttings from plants when grown
commercially, but the species does not spread vegetatively. The plants do not produce
stolons, rhizomes, root-borne shoots, tubers etc and cuttings have to be struck under
optimised conditions, as roots will not form on discarded material.

A review of the reproduction biology of Dianthus and carnation is provided at Attachment
B5. Carnation is a highly intensively managed horticultural crop, from which flowers are

harvested.

(i)  Specific factors affecting reproduction, if any: Abiotic factors which influence
reproduction in wild Dianthus are seasonal. The factors relate to a summer flowering period

and incidence of pollinating insects.

(ilf) Generation time: Wild Dianthus species are annuals.

Carnations are double-flowered cultivars and in the general trade, botanical and horticultural

literature carnation cultivars are considered to belong to the species Dianthus caryophyllus.
Details are provided in Attachment B5. The common name for Dianthus caryophyllus is
carnation. However, the exact taxonomic and breeding history of carnation is not known and it is
almost certain that carnation is a hybrid involving two or more Dianthus species, one of which is
likely to be Dianthus caryophyllus.

Details of Dianthus distribution in Europe, and of compatibility to carnation, are provided in
Attachment B5. Whilst there are wild Dianthus species in Europe, there is no compatibility
between these plants and imported carnation flowers, as there is no potential for hybridization
(Attachment B5). There are no reports exist of spontaneous hybridization between carnation
cultivated in Europe and either wild Dianthus species or species of other genera.

The potential for gene dispersal to occur as a result of hybridization is vanishingly small, if not
impossible because the following mutually dependent, very unlikely, events would all need to

successfully occur;
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¢ A lepidopteran-type insect would need to enter a room where the flowers were on display

e The insect would need to collect rarely present viable pollen from the flower

e The insect would then need transfer the pollen, which would need to remain viable, to any
recipient Dianthus plants that might be present in the near vicinity.

e Potential recipients would need to be in flower and have flowers at the correct
developmental stage

e The recipient plant would need to be compatible and fertile

e Seed set would have to occur

e Seed would need to be dispersed into a suitable environment

o Seed germination and successful plant establishment and maturation would have to occur.

Dr. Keith Hammett, an acknowledged expert on Dianthus breeding concluded “that the
likelihood of gene dispersal from cut flowers of fully double carnations to be highly

improbable, if not inconceivable™ (refer to Attachment B5 of this application).

Dianthus sylvestris

One wild Dianthus species, Dianthus sylvestris, is found from South East Spain to Greece and
Northwards to the Swiss Jura and the Alps. The typical habitat for this species is rocky places
(Polunin, 1980). There are also isolated pockets of garden escapes. For example, Clement and
Foster (1994) describe a single population of Dianthus sylvestris in the UK, established on the
rocks near Whitby harbour, in Yorkshire. However, despite the fact carnation has been grown and
traded in Europe on a large scale for decades there are no reports of the existence of hybrids

between carnation and D. sylvestris in the wild in Europe (Tutin et al., 1993).

e Clement E.J and Foster, M.C. (1994) Alien plants of the British Isle, Botanical Society of
the British Isles, London, 590 pages

e Polunin, G. (1980). Flowers of Greece and the Balkans, Oxford University Press, 592
pages.

e Tutin, T.G. and Walters, S.M., (1993). Dianthus L. In: Tutin, T.G., Heywood, V.H.,
Burges, N.A., Chaler, A.O., Valentine, D.H., Edmondson, J.R., Moore, D.M., Walters,
S.M., Webb, D.A. (Eds). Flora Europea, Second Edition, Vol 1. Cambridge University
Press
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(@) Ability to form structures for survival or dormancy: The survival structures carnation
can produce are seeds and pollen, though it is impossible for imported carnation flowers to
form seed. Pollen dispersal from imported carnation flowers is also extremely unlikely, as
outlined in Attachment B5 of this proposal. Under optimal conditions carnation breeders

may store Dianthus seeds for 1-3 years.

(b) Specific factors affecting survivability, if any: Imported carnation flowers will not survive
more than 3 weeks in the hands of the consumer. During this time seed set is impossible.
Discarded carnation flowers have no vegetative propagation ability.

In cultivation, carnation requires careful irrigation, insect and disease control, and heavy
fertilization. Typical crop cycles are 12 - 30 months. Older crops may die as a result of

fungal infections - particularly Fusarium. Carnation does not spread vegetatively and are not

winter hardy in areas with average minimum temperatures lower than -5°C.

(@) Ways and extent (for example an estimation of how viable pollen and/or seeds decline
with distance) of dissemination: Genetic material from cultivated carnation plants could
only theoretically be disseminated through seed or insect pollination or vegetative
propagation. The assessment at Attachment B5 of this application provides a detailed
overview of each of these routes. NONE of these avenues are realistic avenues for gene

dispersal in the case of the carnation flowers imported into Europe.

(b) Specific factors affecting dissemination, if any: Not applicable

The carnation is a cultivated plant and is not found in the wild. Wild Dianthus caryophyllus is
very rare and has only been reported in specific coastal regions of Corsica, Sardinia, France and
Italy. Other Dianthus species are found in Europe, and their distribution is described as part of the
environmental risk assessment (see Attachment B5 of this application).Varieties of “carnation”
have been reported very occasionally to have naturalized in the British Isles. These reports are
summarized in the table below. These accounts refer to garden plant varieties of pinks and
carnation, which are not the same as cut-flower varieties and predate the development of modern
cut-flower varieties by several centuries... Clement and Foster (1994) refer to carnation in the wild

as "cultivars of this species (caryophyllus), native D. gratianapolitans and D. plumarius”.
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Summary of reports of naturalization of Dianthus caryophyllus and hybrids in British floras

Reference

Dianthus species

Comments by authors

Maby, 1996

D. caryophyllus

Probably introduced by Normans and naturalized
in old walls in Rochester castle and Beaulieu abbey

Perry and Ellis,
1994

D. caryophyllus

“an escape of European origin” ( no further detail)

Walters, 1993

D. caryophyllus X
D. barbatus

Single report from the year 1717

Clement and D. caryophyllus Known for more than 3 centuries on the walls of
Foster, 1994 Rochester castle

Clapham D. caryophyllus Occasionally naturalized on old garden walls
et.al.,1987

Preston et.al,
2002

D. caryophyllus

“D. caryophyllus has been cultivated in Britain
since the 16th century and is very common in
gardens. It was first recorded in the wild in 1778,
when it was discovered on the walls of Rochester
Castle (E. Kent)”

”Some historical records may be referable to
hybrids with other species, which are also
commonly grown.”

“Not known with any certainty as a wild plant;
recorded as doubtfully native in S. Europe.”

D. caryophyllus X A single record in 1980.
D. gratianopolitans
D. caryophyllus X A tufted perennial herb which “occurs as a casual
D. plumarius garden throw-out on rubbish tips and roadside
verges”
Stace, 1997 D. caryophyllus Introduced. Occasionally naturalized on old garden

walls

D. caryophyllus X Parentages of escaped garden pinks, some of which
D. gratianopolitans, are occasionally naturalized on old walls.

D. caryophyllus X

D. gratianopolitans X

D. plumarius

e Clapham, A.R., Tutin, T.G. and Moore, D.M (1987) Flora of the British Isles, 3" ed.
Cambridge University Press, 688 pages.
e Clement E.J and Foster, M.C. (1994) Alien plants of the British Isle, Botanical Society of

the British Isles, London, 590 pages

Maby, R. (1996) Flora Brittannica. Sinclair-Stevens, 48p.
Perry, A.R and Ellis, R.G (1994) The common ground of wild and cultivated plants.
National museum of Wales, Cardiff, 166 pages
e Preston, C.D., Pearman, D.A. and Dines, T.A.(2002). New Atlas of the British Isles. Oxford
University Press, 910 pages.
e Stace, C. (1997) New flora of the British Isles 2" ed. Cambridge University Press,1130

pages

e Walter, M (1993). Wild and garden plants. Harper Collins, 200 pages.
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Not applicable. Carnation flowers are routinely imported into the EU from Africa, South America
and the Middle East, and are also widely grown in Europe. Approximately 8 billion carnation

flowers are distributed within the EU per annum.

This application is for the import of carnation flowers, which will be imported and distributed

through commercial avenues of the floricultural industry in Europe. After and during use there
are no opportunities for gene dispersal, and the flowers will not be cultivated in Europe.

The environmental risk analysis assessment carried out for the product (Section B) indicates there
are no potential toxic effects associated with importation of the GMO. Attachments B2, B3 and
B4 provide toxicity assay data. Attachment B1 provides a detailed review of the potential toxicity
of the selectable marker gene.

Bioinformatic analysis of the coding sequences of the inserted genes indicates no homologies to
known toxins or allergens (Attachments A8 and A9).

| INFORMATION RELATING TO THE GENETIC MODIFICATION
disarmed Agrobacterium tumefaciens strain AGLO carrying the transformation vector pCGP1991,
developed by Florigene Pty. Limited, Bundoora, Australia. FLORIGENE Moonaqua™ (123.8.12)
was produced in the Florigene Europe laboratories in The Netherlands.

Agrobacterium was killed during the transformation process using the antibiotic ticarcillin. Lack of

residual Agrobacterium was confirmed by the absence of PCR-detectable Agrobacterium sequences
(Refer to Attachment Al).
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The transformation vector is pCGP1991, developed by Florigene Pty. Limited, Bundoora, Australia.
A map of pCGP1991 and details of its construction are shown in Attachment A2. The full sequence
of the transformation vector is shown in Attachment A3. The transformation vector pCGP1991
contains no sequences of unknown origin and contains no known transposable elements or related
sequence elements (Attachment A3). The transformation vector pCGP1991 was used to produce the
transgenic carnation variety FLORIGENE Moonshadow™, which was approved for commercial
production within the EU in 1998 (C/NL/97/13-1363A).

Overview of construction of transformation vector pCGP1991

The transformation vector pCGP1991 contains three genes for transfer to plants, namely F3’5’H,
DFR and ALS, with their respective controlling elements (promoters and terminators). pCGP1971
is a pBluescript-based plasmid (Stratagene Cloning Systems, La Jolla, USA) containing a chimeric
gene comprised of: a snapdragon CHS promoter sequence (Sommer and Saedler, 1986), a cDNA
fragment containing the entire coding region of F3’5’H from black pansy (Brugliera and Tanaka,
2003), and a petunia phospholipid transfer protein homologue terminator sequence (Holton, 1992).
The identity and function of the F3’5’H cDNA clone was confirmed by sequence comparison with
a petunia F3’5’H clone (Holton et al, 1993) and complementation of a F3’5’H mutant in petunia
(Brugliera and Tanaka, 2003). pCGP1472 is a pBluescript-based plasmid carrying the entire gene
for DFR from petunia (promoter, coding region and terminator) (Beld et al, 1989). The
transformation vector pCGP1991, was assembled by combining the chimeric gene from pCGP1971
with the DFR gene from pCGP1472 in a binary vector pWWTT2132. pWTT2132 contains a chimeric
gene comprised of: a CaMV 35S promoter sequence (Franck et al, 1980) ligated with the coding

region and terminator sequence for ALS from the SuRB locus of tobacco (Lee et al, 1988).

Detailed Description of Construction of pCGP1991

Construction of pCGP1472 Isolation of petunia DFR genomic clone A genomic library was
made from Petunia hybrida cv. Old Glory Blue DNA in the vector 2001 (Holton, 1992).
Approximately 200,000 pfu were plated out on NZY plates, lifts were taken onto NEN filters and
the filters were hybridised with 400,000 cpm/mL of *P-dCTP labeled petunia DFR cDNA fragment
(described in Brugliera et al., 1994). Hybridizing clones were purified, DNA isolated from each
and mapped by restriction enzyme digestion. A 13 kb Sacl fragment of one of these clones was

isolated and ligated with Sacl ends of pBluescriptll (Stratagene) to create pCGP1472. Finer

restriction endonuclease mapping indicated that a 5 kb Bglll fragment contained the entire DFR
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gene.

Construction of pCGP1984. Plasmid pCGP1984 was constructed by cloning the petunia DFR
gene from pCGP1472 into the binary vector pWTT2132.Plasmid pCGP1472 was digested with
Bglll to release the ~5.0kb fragment containing the entire petunia DFR gene. The resulting 5'-
overhangs at each end of the fragment were repaired using DNA Polymerase | (Klenow fragment)
according to standard protocols (Sambrook et al., 1989). The binary vector pWTT2132 (obtained
from DNAP technology, Oakland, USA) was digested with Kpnl to linearize the vector. The
resulting overhanging 3'-ends of the vector were removed with T4 DNA polymerase according to
standard protocols (Sambrook et al., 1989). The 5.0kb fragment containing the DFR gene was
ligated with the repaired Kpnl ends of the binary vector pWwTT2132. Correct insertion of the 5.0kb
DFR fragment in pWTT2132 was established by restriction endonuclease digestion of DNA
isolated from tetracycline resistant E. coli transformants. The resulting plasmid was designated
pCGP1984.

Construction of 1971. The plasmid pCGP1971 contained a chimeric gene consisting of:

(i) snapdragon (Antirrhinum majus) CHS promoter fragment which includes 1.2kb of sequence 5' of
the translation initiation site fragment of a CHS gene of snapdragon (Sommer and Saedler, 1986),
(ii) the coding region of a F3'5'H cDNA clone isolated from Viola sp. (*black pansy’) which
consists of a 1.6kb Kpnl/Xbal fragment from pCGP1961 (Brugliera and Tanaka, 2003).

(i1i) a terminator sequence from a petunia phospholipid transfer protein homologue (PLTP) which
consists of a 0.7kb Smal/Xhol fragment from pCGP13 Bam (Holton, 1992) and includes a 150bp
untranslated region of the transcribed region of PLTP gene (i.e. 3’ to the deduced stop codon of the
PLTP coding sequence).

Final preparation pCGP1991. The plasmid pCGP1971 was digested with EcoRV/Notl to release
a 3.5kb fragment containing the chimeric gene described above consisting of a snapdragon CHS
promoter sequence, a black pansy F3'5'H cDNA fragment and a petunia phospholipid transfer
protein terminator sequence. The resulting 5'-overhang was repaired using DNA Polymerase |
(Klenow fragment) according to standard protocols (Sambrook et al., 1989). The plasmid
pCGP1984 was digested with Pstl to linearize the vector. The resulting overhanging 3'-ends of the
vector were removed with T4 DNA polymerase according to standard protocols (Sambrook et al.,
1989). The 3.5kb fragment from pCGP1971 was ligated with the repaired Kpnl ends of the binary
vector pCGP1984. Correct insertion of the fragment in pCGP1984 was established by restriction
endonuclease digestion of DNA isolated from tetracycline resistant E. coli transformants. The

resulting plasmid was designated as pCGP1991.
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Transformation of Escherichia coli and Agrobacterium tumefaciens

Escherichia coli strains DH5a and XL1-Blue, used for routine manipulations, were transformed
using the method of Inoue et al. (1990). The plasmid pCGP1991 was introduced into
Agrobacterium tumefaciens strain AGLO by adding 5 pg of plasmid DNA to 100 uL of competent
Agrobacterium tumefaciens cells. Cells were prepared by inoculating a 50 mL mg/L (Garfinkel and
Nester, 1980) culture and growing for 16 hours at 28°C. The cells were then pelleted and
resuspended in 1 mL of 20 mM CacCl; before use. The DNA-Agrobacterium mixture was incubated
in liquid nitrogen for 2 min and then allowed to thaw by incubation at 37°C for 5 min. The cells
were then mixed with 1 mL of mg/L media and incubated with shaking for 4 hours at 28°C. Cells
of A. tumefaciens carrying pCGP1991 were selected on MG/L agar plates (Sambrook et al., 1989)
containing 50ug/mL tetracycline. The presence of the plasmid was confirmed by southern analysis
of DNA isolated from the tetracycline-resistant transformants. The transformation vector is able to
transfer to dicotyledonous plants susceptible to the specific Agrobacterium strain in which it is
carried. In the present application the disarmed Agrobacterium tumefaciens strain AGLO was used
(Lazo et al., 1991).

e Beld, M., Martin, C., Hults, H., Stuitje, A.R. and A.G.M. Gerats. Flavonoid synthesis in
Petunia hybrida: partial characterization of dihydroflavonol-4-reductase genes. Plant
Molecular Biology 13: 491-502, 1989.

e Brugliera, F., Holton, T.A., Stevenson, T.W., Farcy, E., Lu, C-Y. and E.C. Cornish.
Isolation and characterization of a cDNA clone corresponding to the Rt locus of Petunia
hybrida. The Plant Journal 5: 81-92, 1994 .

e Brugliera, F. and Tanaka, Y. Genetic sequences and uses therefor. International PCT
Application Number PCT/AUO03/01111. Assignee: International Flower Developments,
2003.

e Franck, A., Guilley, H., Jonard, G., Richards, K. and L. Hirth. Nucleotide sequence of
cauliflower mosaic virus DNA. Cell 21: 285-294, 1980.

e Garfinkel, D.J. and Nester, E.W., Agrobacterium tumefaciens mutants affected in crown gall
tumorigenesis and octopine catabolism J. Bacteriol. 144:732-743, 1980.

e Holton, T.A. Isolation and characterization of petal-specific genes from Petunia hybrida.
PhD Thesis, University of Melbourne, 1992.

e Holton, T.A,, Brugliera, F., Lester, D., Tanaka, Y., Hyland, C., Menting, J.G.T., Lu, C-Y.
and E.C. Cornish. Cloning and expression of cytochrome P450 genes controlling flower
colour. Nature 366: 276-279, 1993.

e Inoue, H. Nojima, H. and Okayama, H. High efficiency transformation of Escherichia coli
with plasmids. Gene, 96, 23-28,1990.

e Lazo, G.R,, Stein, P.A. and R.A. Ludwig. A DNA transformation competent Arabidopsis
genomic library in Agrobacterium. Bio/technology 9: 963-967, 1991.

e Lee, K.Y, Townsend, J., Tepperman, J., Black, M., Chui, C.F., Mazur, B., Dunsmuir, P. and
J. Bedbrook. The molecular basis of sulfonylurea herbicide resistance in tobacco. The
EMBO Journal 7: 1241-1248, 1988.

e Sambrook, J., Fritsch, E.F. and T. Maniatis. Molecular Cloning: A Laboratory Manual
(2nd edition), Cold Spring Harbor Laboratory Press, USA, 1989.

e Sommer, H. and H. Saedler. Structure of the chalcone synthase gene of Antirrhinum majus.
Molecular and General Genetics 202: 429-434, 1986.

Florigene Moonaqua (123.8.12) Section A Annex I11B Page 9 of 21




The donor organisms from which the DNA for construct pCGP1991 is derived are named in the

table directly below:

Scientific name Other Name
Agrobacterium tumefaciens crown gall bacterium
Pseudomonas aeruginosa pseudomonas
Viola sp. pansy
Escherichia coli “E.coli”
Petunia X hybrida petunia
CaMV Cauliflower Mosaic Virus
Nicotiana tabacum tobacco
Antirrhinum majus snapdragon

Maps illustrating the construction of plasmid pCGP1991 are provided in Attachment A2. The full
sequence of the transformation transformation vector pCGP1991 is known (see Attachment A3) and
the function of all genes (or parts of genes) encoded by pCGP1991 is known. Attachment A3
provides a list of the genetic elements comprising the transformation vector pCGP1991. The

transformation vector pCGP1991 is 27,444 nucleotides in length.

The product line of the present application consists of imported flowers from carnation plants that

have a modified flower colour and are herbicide resistant. The transgenic line is transformed with

the use of a disarmed Ti-plasmid of Agrobacterium tumefaciens.

Flower colour is generally the result of the relative concentration and type of two pigment classes -
carotenoids and flavonoids. Carotenoids are responsible for yellow through orange colours
however most plants do not contain carotenoid pigments. Anthocyanins are flavonoid based
coloured pigments. There are three groups of anthocyanins, the delphinidins that generally produce

blue flower colour, cyanidins that produce red or pink flower colour, and pelargonidins that produce
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orange or brick red flower colour. Non-genetically modified carnations lack the part of the
anthocyanin biosynthetic pathway that is responsible for the production of delphinidin, as they lack
a gene encoding the enzyme flavonoid 3’5" hydroxylase (F3'5'H) that converts dihydrokaempferol
(DHK) to dihydroquercetin (DHQ) and then to dihydromyricetin (DHM). In the genetically
modified carnation line FLORIGENE Moonaqua™ a gene encoding DFR has also been introduced,
as the particular non-genetically modified starting material used lacked DFR activity. The enzyme
DFR can use either DHQ or DHM as substrate. Delphinidin is thus produced as a result of the
combined expression of the introduced genes DFR and F3’5’H together with endogenous genes in
the anthocyanin biosynthetic pathway. The production of delphinidin results in a change in flower
colour. The flower product of this application is a shade of lavender, as shown in the photograph
below, compared to the white flower colour of the control line that was transformed to generate the

transgenic.
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Recipient variety (FE 123) FLORIGENE Moonaqua™ (123.8.12)

The genes that have been inserted are:

e The petunia DFR gene, coding for dihydroflavonol 4-reductase (DFR), derived from
Petunia X hybrida. The petunia DFR enzyme is only capable of using dihydroquercetin and
dihydromyricetin as substrate, not dihydrokaempferol. It preferentially uses DHM over
DHQ. This ensures that most of the anthocyanidin produced is delphinidin. The DFR gene
is driven by its own promoter.

e The pansy F3’5’H cDNA, coding for flavonoid 3' 5" hydroxylase (F3’5’H), derived from
Viola sp. F3’5’H acts by converting the dihydroflavonols dihydrokaempferol and/or
dihydroquercetin into the dihydroflavonol dihydromyricetin. The cDNA for F3’5’H encodes
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the enzyme F3°5’H allowing transgenic plants normally lacking this enzyme to produce
violet or blue delphinidin derived pigments.

e ALS gene (SURB), coding for a mutant acetolactate synthase protein (ALS), derived from
Nicotiana tabacum. Expression of the mutation confers resistance to sulfonylurea herbicides.

The gene is included to allow selection of transgenic shoots in vitro.

Anthocyanin profile of flowers

The concentration of delphinidin and other anthocyanidins was determined in flower samples by
HPLC. For HPLC analysis freeze-dried petals were extracted with 10 times volume (to wet weight
of the petals) 50% acetonitrile containing 0.1 % trifluoroacetic acid. This technique, described in
Fukui et.al. (2003), is designed to extract all flavonoids, including the less water soluble
isoflavones, flavanones and flavonols (Markham, 1982). Data represents a single assay of bulked
petal samples, and is expressed as mg/g fresh weight petal. Roots and stems have not been assayed.
There were no anthocyanins in the recipient variety, as it is a white flowered variety. Anthocyanins
were produced in flowers from the transgenic line, because of the addition of the anthocyanin
biosynthesis genes. There was a predominance of delphinidin over cyanidin (see table immediately
below) because of the activity of flavonoid 3’ 5’-hydroxylase (F3’5’H), and a dihydroflavonol 4-
reductase (DFR) whose activity is specific to the dihydroflavonol which is a substrate for
delphinidin production. The delphinidin in the transgenic flowers of FLORIGENE Moonaqua™
(123.8.12) is likely to be glycosylated, as is the case for two other varieties of genetically modified

carnation that have been analyzed in detail using HPLC (Fukui et.al., 2003).

Delphinidin concentration in transgenic carnation line FLORIGENE Moonaqua™

Concentration ( mg/g FW) Delphinidin
Name Delphinidin Cyanidin (%)
Recipient 0 0 0
FLORIGENE Moonagua™ 0.07 0.02 74

FLORIGENE Moonaqua™ also produced cyanidin. This is probably due to endogenous flavonoid
3’-hydroxylase activity and/or the activity of the F3’5’H which adds 2 hydroxyl groups to the
substrate in a sequential fashion. The presence of cyanidin in flowers of FLORIGENE Moonaqua™
(123.8.12) is not a novel trait in carnation. Non-transgenic pink and red carnation varieties contain
this anthocyanidin, and the anthocyanins derived from it. Cyanidin and its derivatives are
commonly found in a number of plants including Petunia (Ando et al., 1999), carnation (Bloor,
1998), rose (Biolley and Jay, 1993), apple (Lancaster, 1992), sunflower seeds (Mazza and Gao,
1993), chrysanthemum (Schwinn et al., 1993; Andersen et al., 2000), Vicia villosa (Catalano et al.,
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1998) and Vitis (Cachio et al., 1992). The cyanidin concentration of 0.02 mg/g FW in FLORIGENE
Moonaqua™ (123.8.12) is 28 — 228 times lower than in the representative carnation varieties shown

in the table below.

Cyanidin concentration in representative non-genetically modified carnation varieties.
Measurements made by Florigene Pty. Ltd.

Variety Colour Cyanidin as % Anthocyanidin
total (mg/g fresh weight petal)
anthocyanidin Total Cyanidin
Artisan Pink/purple 99.6 0.57 0.57
Blacky Deep red 99.7 4.57 4.56
Chéteau Red 99.6 1.89 1.88
Fire Queen Red 99.5 0.91 0.91
Lavender Picolla Pink/purple 99.5 0.62 0.62
Orchid Tessino Pink/purple 100 0.60 0.60
Purple Spectro Mauve 99.8 1.47 1.47
Vega Pink/purple 99.4 2.77 2.75

Andersen et al., Food Chemistry, 69: 33-36, 2000

Ando et al., Biochemical systematics and ecology, 27: 623-650, 1999
Biolley and Jay, Journal of Experimental Botany, 44: 1725-1734, 1993
Bloor, Phytochemistry, 49: 225-228, 1998

Cachio et al., American J of Ecology and Viticulture, 43: 244-248, 1992
Catalano et al., J. Agricultural and Food Chemistry, 49: 4568-4570, 1998
Fukui et.al. ,Phytochemistry 63 15-23

Lancaster, Critical reviews in Plant Sciences, 10(6): 487-502, 1992
Markham, K.R (1982). Techniques of flavonoid identification. Academic press, London
Mazza and Gao, Phytochemistry, 35: 237-239, 1993

Schwinn et al., Phytochemistry, 35: 145-150, 1993
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The T-DNA between the left and right borders of pCGP1991 remains in the GMO, and is present as
three loci. Through Southern Blot analysis it has been shown that no DNA outside the T-DNA
borders is present in the GMO. Full details of Southern blot analysis are presented at Attachments
A4 and A5.

A schematic of the arrangement of the inserted T-DNA is provided at Attachment A6 and the

sequences of the three loci, including flanking sequences, is provided at Attachment A7.

Not applicable.

Copy number is described as part of the Southern analysis (Attachments A4 and A5). The T-DNA

IS present at three integration loci, as summarized in the table below. The arrangement and
sequence of T-DNA and flanking sequence at each loci is shown in attachments A6 and A7.

Estimated copy numbers of probes that span the region within the T-DNA in transgenic tissue of
the line FLORIGENE Moonaqua™(123.8.12)

Probe Estimated Copy Number
FLORIGENE Moonaqua™(123.8.12)
Locus 1 Locus 2 Locus 3
LB 1 0 0
SURB 1 0 0
F3’5’H 1 1 1
gDFR 1 0 0
RB 1 2 1

The insert is stably integrated into the nuclear genome. This is shown by the Southern blot analysis
of the product, described in Attachments A4 and A5.
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(@)

Information on the developmental expression of the insert during the lifecycle of the
plant and methods used for its characterization;

All three inserted genes encode proteins that are biologically active enzymes. Concentration,
Vmax and Km of these proteins have not been measured. Detection of delphinidin-type
anthocyanins using TLC indicates expression of the introduced F3’5’H and DFR genes and
enzymatic activity of the enzymes encoded by these genes. Successful isolation of
transgenic shoots on selection medium indicates that the introduced SURB encoding an
herbicide-resistant ALS is also active. Proteins were thus not detected by direct means such
as via gel electrophoresis (they are present in minor amounts and thus not readily detectable
by this means). Each of the three introduced genes is a plant gene. Carnations normally
carry DFR and ALS encoding genes.

Northern analysis. Northern analysis of expression of three introduced genes was carried
out in FLORIGENE Moonaqua™™ (123.8.12) and the parental line it was derived from
(FE 123).

In this study, total RNA was extracted from petals from flower petals (stage 9; mature
flowers) using an RNAeasy Plant Mini Kit (QIAGEN). RNA samples (10 pg) were
electrophoresed through 2.2 M formaldehyde/1.2% wi/v agarose gels using running buffer
containing 40 mM morpholinopropanesulphonic acid (pH 7.0), 5 mM sodium acetate, 0.1
mM EDTA (pH 8.0). The RNA was stained with ethidium bromide and visualised under
UV-light. The ribosomal RNA was generally used as a guide in confirming that the RNA
had not been degraded by intra- or extra- cellular ribonucleases. The RNA was transferred
to nylon membrane filters (Roche) and treated as described by the manufacturer. The RNA
blots were probed with DNA probes for SuURB, DFR and F3’5’H radiolabelled using **P-
dCTP. Hybridization was for 16 hours at 42°C and the filters were then washed in a solution
of 2 x SSC/ 1 % (w/v) SDS for 3 x 20 minutes and subsequently in 0.2 x SSC/1%SDS for 1
x 20 minutes at 65°C. Membranes were exposed to film overnight (SURB and F3’5’H) and
7days (DFR). All probes were verified using positive controls (data not shown).

Results are shown in the autoradiogram overleaf.

The SURB(ALS) gene is under the direction of a CaMV 35S promoter which generates
transcript in numerous plant tissues including the petal. A strong hybridization signal
indicates the introduced ALS mRNA is present in petal tissue.

The petunia DFR gene used is under the direction of its own promoter which is relatively
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weak and typically strongest early in flower development in petunia. In carnation DFR is
typically stronger later in development when compared with petunia. The very low signal
detected in FLORIGENE Moonaqua™ flowers is consistent with the relatively low levels of
delphinidin and thus the pale flower colour observed. The level of DFR transcript may vary
dependent on which flower stage is selected for analysis.

The pansy F3’5’H gene is under the control of an Antirrhinum CHS promoter which
typically directs expression through most stages of flower development.

The parental line FE123 has no closely homologous ALS gene, is a DFR mutant and has no

F3’5’H gene. Hence controls show no detectable transcript for all the probes used.

€¢T 34
AR R TA)

SuRB

DFR

F3’5’H .

(b) Parts of the plant where the insert is expressed (for example roots, stem, pollen etc.)
Flowers of FLORIGENE Moonaqua™ (123.8.12) produce delphinidin whilst carnations
which are not modified do not. The production of delphinidin results in a change in flower
colour. The flower products of this application are lavender, compared to the white control
line.

Delphinidin production has not been observed in other tissues of the transgenic flowers and
plants, such as stems, nodes, leaves and roots. Production of delphinidin is confined to the
petals as result of the use of petal specific promoters for some genes and because the
biochemical pathway leading to anthocyanin biosynthesis is induced to coincide with flower

development.

Florigene Moonaqua (123.8.12) Section A Annex I11B Page 16 of 21




(@)

Mode(s) and/or rate of reproduction: Comparative trials of FLORIGENE Moonaqua™

(123.8.12) and the recipient variety used for transformation have been made, and
morphological characteristics of FLORIGENE Moonaqua™(123.8.12) have been measured
in detail for Plant Breeders Rights purposes. This data is provided at Attachment A11. In
summary, transgenic line FLORIGENE Moonaqua™ produces smaller flowers than the
parental line it is derived from, and these flowers have a significantly reduced reproductive
capacity, measured by a much reduced number of anthers, styles and stamens. The styles
and stamens are also significantly shorter in the transgenic line.

However, there is no avenue of reproduction from imported cut flowers, and the apparent
reduced reproductive capacity in the transgenic variety therefore does not imply a reduced

rate of reproduction.

(b)

Dissemination: The environmental risk assessment at Section B provides an assessment of the

potential of gene dispersal from imported carnation flowers. On the basis of this background

information we conclude that the probability of unintentional gene dispersal from an

imported carnation flower is nil, from either recipient or transgenic varieties. There are three

theoretical avenues of gene dispersal;

1. Vegetative spread of the imported cut flowers, leading to the formation of wild clonal
populations.

2. Formation and dispersal of seed from the imported cut flower as a result of self
fertilization or fertilization with pollen from an external source.

3. Formation of seed by a recipient plant, fertilized by pollen dispersed from the imported
cut flower.

The paragraphs below briefly outline why the probability of gene dispersal from a carnation

flower by any of these routes is nil.

1. Vegetative spread. Carnation does not spread vegetatively, i.e. the plant does not produce
organs such as stolons, rhizomes, root-borne shoots, tubers, bulbs, corms or runners. Roots
will not form on discarded or old cut-flowers. Florigene Pty. Ltd. has experience of large
scale production of carnation in Australia, Japan, Colombia and Ecuador and carnation has
never been found growing wild, even in the immediate vicinity of carnation growing areas

where waste material has been discarded or has been left for composting.
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2. Formation of seed on a cut flower. For gene dispersal by seed formation to occur from a
cut carnation flower, the following events would all need to occur successfully; arrival of
viable pollen on the stigma of the carnation, pollen germination, pollen tube growth to the
ovule of the carnation, fertilization, seed formation and seed dispersal. Notwithstanding the
fact that successful pollination of a carnation flower in a vase is highly unlikely, no seed set
could occur. This is because the process of seed development takes at least 5 weeks on a
plant — where the growth of any developing embryo can be sustained. A cut flower will

remain in consumer’s hands for three weeks at most before dying.

3. Pollen dispersal from a cut flower leading to a successful hybridization event. There are
several mutually exclusive facts that, in combination, indicate that potential pollen spread is
not a feasible avenue for gene dispersal.

Firstly, the potential for pollen spread from a cut flower is only theoretically possible;

e In general, production of viable pollen by carnation is much lower than that of wild
Dianthus species.

e Hybridization of Dianthus in nature is facilitated by insect pollination and is only
effectively achieved by the lepidoptera (butterflies, moths). Pollen is not spread by
wind.

e The only point in the chain where insects could be reasonably expected to access
flowers is when on display or in consumers hands. The physical barrier of the
multiple petals presents a significant obstacle to any potential pollinating insects in
less open flowers.

e As acarnation flower opens out in the vase, any anthers are likely to have fallen

from the stamens and any pollen would have significantly reduced viability.

The long history of cultivation and consumption of carnation flowers in Europe strongly
supports the assertion that there is nil risk of gene dispersal because carnation is not a weed
in Europe and despite hundreds of years of cultivation, and plantings in parks and gardens, it
has not become a weed, or escaped from cultivation, anywhere in the world. No hybrid

between carnation and any other Dianthus species has ever been recorded in the wild.

() Survivability. Imported carnation flowers have no survival mechanisms.
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Carnations are vegetatively propagated and the genetic stability of carnation can be readily

measured by the frequency of flower colour change. A particular variety (red, for example) may

"sport” to white sectors in the flower. The primary factor affecting this appears to be the genetic

background of the variety.

FLORIGENE Moonaqua™ (123.8.12) has been vegetatively propagated since February 1999. At

July 2006, this represented approximately 10 generations of mother plants and approximately 200

collections of cuttings from these plants. Since 2001 plants have been in continuous commercial

production in Ecuador and Colombia. By the end of July 2006 approximately 6.7 million flowers

have been exported from the two production facilities in South America. Measured by flower
colour, FLORIGENE Moonaqua™ (123.8.12) is genetically stable, as shown in the table

immediately below.

Number of off-types observed in FLORIGENE Moonaqua™ (123.8.12) flowers in production

beds in Colombia

Date of survey Number of flowers Number of off- Off-type
assessed types
June 2005 480 0
September 2005 2,500 0
June 2006 480 0
June 2003 1,000 2 White streaks

There is an extremely low risk of gene dispersal for imported carnation flowers. This is outlined in

the environmental risk assessment at Section B, and in answer to question A.17. The imported

flowers from the GMHP have a (theoretically) significantly reduced reproductive capacity, due to a

reduced number of anthers, styles and stamens.
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Carnation has no pathogenic characteristics, and the environmental risk assessment provided in

Section B of this application indicates flowers from the GMHP poses no toxic, allergenic or other
harmful risks to human health.

Bioinformatic analysis indicates no new ORF are generated at the flanking sequences of any of the
three loci. BLAST analysis of the deduced amino acid sequences of the inserted DNA in
FLORIGENE Moonaqua™ (123.8.12) showed no homologies to any known toxic or allergenic
proteins found in the GenBank and SwissProt databases (see BLAST search analysis results in
Attachments A8 and A9). A full analysis of the potential toxicity and allergenicity of the

introduced selectable marker gene is provided at Attachment B1.

The transgenic carnation variety FLORIGENE Moonshadow™ has already been approved for
commercial production within the EU (C/NL/97/13-1363A) and flowers are already exported into
the EU. The potential toxicity issues that were discussed at the time that marketing permission was
granted for that variety essentially apply to the present application, except that we are only seeking

to import cut flowers.

Results of assays for potential toxicity are provided at Attachments B2, B3 and B4. There was no

evidence for toxicity in any assay.

The imported cut flowers are intended for ornamental use only. They will not be used for animal
foodstuffs.

Not applicable.
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The flowers from the GMPH are intended to be used as an ornamental product, in the same way as

other carnation flowers. There are no changes in this interaction as a result of the genetic modification.

There are no potential effects on the abiotic environment. The flowers will be imported from
outside of the EU. Flowers will be discarded after use but we have no reason to think their
degradation will have any effect on the abiotic environment that could be different to non GM
carnation flowers. Measurements were made of the microflora concentration in soil in which the
transgenic carnation was grown (Attachment B4). There was no significant difference in the

microflora profile of soil taken from around the roots of the recipient and transgenic plant.

A PCR based identification method is described in detail in Section C of this application. This

technique is suitable for use with flowers or vegetative parts of the imported cut flowers.

As the primary purpose of the application is to import flowers, the flowers themselves also provide
simple means to identify the GMHP because they have a new colour that is not present in non-
GMO carnations. The colour characteristics of the flowers will be emphasised as part of the
marketing strategy.

As carnation normally never produces delphinidin-type anthocyanins, presence of these pigments
can also be used to identify the genetically modified carnation, if flowers are available. Delphinidin

can be identified using thin layer, paper or high pressure liquid chromatography.

Details are provided in Section F of this application. FLORIGENE Moonaqua™ (123.8.12) has been

grown in trials in the EU. These greenhouse trials were carried out in the Netherlands in 1999 and 2000.

FLORIGENE Moonaqua™ (123.8.12) has been grown and sold commercially elsewhere in the world

for five years.
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SECTION B

Environmental risk assessment required in Annex Il of

Directive 2001/18/EC

There have been no risk assessments specific to FLORIGENE Moonaqua™ (123.8.12). However,

millions of flowers have been traded and sold for several years and there is now a history of safe use

of the product.

The transgenic carnation variety FLORIGENE Moonshadow™ , which was also developed using

transformation vector pCGP1991, has already been approved for commercial production within the
EU (C/NL/97/13-1363A) and flowers are already exported into the EU.

Toxicity of non-GM carnation

The toxicity of non-GMO Dianthus/carnation, in the context of human health, is summarized in Table 1

below.
Table 1. Evaluations of the potential toxicity of carnation
Citation Plant Summary of toxicity
Russell et al, Dianthus Causes only low toxicity if eaten. Skin irritation minor, or
1997 species lasting only for a few minutes
UCSD, 2001 Carnation Non-poisonous
UCD, 1998 Carnation Minor toxicity. Ingestion of small amounts may not cause
any symptoms at all. Exposure to sap or skin wound caused
by plant material may cause skin rash or irritation
Lister, 2001 Carnation Regarded as safe
US FDA, 1999 Carnation Carnation is listed as a poisonous plant

At worst the non-GMO can be considered to have mild toxicity, but it is generally regarded as non-

poisonous and safe. Carnation is not a food and there is no toxicology or nutritional data available for the

recipient organism.

We do not believe the transgenic flower is likely to be used in the perfume or flavour industries;
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Carnation is not a traditional source of essential oils for the perfume industry.

Other varieties of carnation would be equally as useful as a source of essential oils, if carnation

was considered at all.

Carnation is not a traditional source of flavor additives for the food industry.

While the transgenic carnation produces delphinidin, and that is unique for this species, there
are other natural sources of delphinidin for use as a food colorant. The main one of these is
enocianina, prepared by the agueous extraction of fresh, deseeded marc (grape residue after
pressing for grape juice or wine) or fruit juice (grape, cranberry, chokeberry or elderberry).
These sources are much less expensive than flowers, and have a higher concentration of the

anthocyanin.

Allergenicity of non-GM carnation

Flowers are not listed with, tree nuts, legumes, fruit, shellfish, eggs, cows milk etc as a common source of
food allergy and carnation pollen cannot be a source of hay fever type allergies, as the pollen is not wind-
borne. Allergic reactions to carnation are rare. Florigene have close relationships with carnation growers
in Australia, Colombia and Ecuador and none of these contacts have experienced allergy problems among
their staff. We have found in the literature two reports of allergenicity in Spanish flower farm workers
exposed to carnation (Sanchez-Guerrero et al., 1999). In the first study an allergic response was obtained
in susceptible workers using carnation extract. A later study indicated that spider mites associated with the
carnation were the cause of the response (Cistero-Bahima et al., 2000; Navarro et al., 2001). In a second
report Vidal and Polo (1998) carried out control experiments to eliminate the possibility that the
allergy was caused by Tetranychus urticae ( two spotted spider mite), demonstrating in some
individuals that prolonged handling of fresh flowers may cause a mild allergic reaction. In the case
reported by Vidal and Polo (1998) the subject was handling gypsophila and lily in addition to
carnation.
We do not believe imported carnation flowers are likely to enter the food chain;
¢ It would make no economic sense to purchase flower for large scale use as an animal feed
e The flowers are likely to be purchased for the use they are intended, not for consumption as a
food.
e The flowers are intended for home use, and once distributed will be widely spread, in small
numbers, in individual hands.
o Used flowers are likely, as a matter of convenience, to be disposed of like other flowers used
by the general public, and not fed to animals.

Carnation is not used as a food though there is a slight possibility that home consumers may decide to eat
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flower petals, or garnish foods with flower petals. The possibility that someone would consume a large
number of carnation flowers is negligible. In the event that this did occur, we do not believe the transgenic
carnation poses any health risk and given the purported beneficial effect of anthocyanins to health, may

even have a positive effect.

Theoretical potential for any change in toxicity or allergenicity in the GM carnation

The chemical components specific to the colour modified carnation are the DNA comprising the T-
DNA of the introduced binary vector, the proteins (enzymes) translated from the introduced genes and
the pigment delphinidin, produced by the activity of the enzymes. None of these new components are
likely to be toxic or allergenic.

The DNA. We have no reason to believe the DNA per se could be a reasonable cause of any increase
in toxicity or allergenicity.

The proteins. The proteins (enzymes) translated from the introduced genes are listed in Table 2.

Table 2. Introduced proteins expressed in Florigene Moonagua™ (123.8.12)

Gene Protein

SUR B ALS (acetolactate synthase)
Hfl F 3°’5’H (flavonoid 3'5' hydroxylase)
dfr DFR (dihydroflavonol reductase)

The proteins encoded by the three inserted genes are common plant proteins and are not toxic or
allergenic, nor homologous to known toxic or allergenic proteins (Attachments A8 and A9). They
would be degraded in the same way as any protein and the amino acids produced after digestion will
be excreted or metabolized in the same way as any other plant protein. The SURB gene is a mutation
of an enzyme found in all plants (Attachment B1). As such, the amino acid sequence and protein is
virtually the same as that of the enzyme found in all raw plant foods. A detailed review of the
potential toxicity and allergenicity of the SURB id given in Attachment B1. The F3'5'H protein is
found in all plant foods producing delphinidin. This includes several raw foods containing high levels
of delphinidin, normally consumed and handled by humans. The DFR protein is found in all plant
foods containing delphinidin, as well as any foods containing the related anthocyanin pigments
cyanidin and pelargonidin. Some foods, such as cherries and cranberries have high levels of
anthocyanin, and so the enzyme is also present at a high concentration.

Delphinidin. Examples of widely grown ornamental plants that contain delphinidin-based pigments
include Agapanthus (Bloor and Falshaw, 2000), cyclamen, Hydrangea (Takeda et al., 1990), verbena,
Petunia (Ando et al., 1999), Delphinium (Kondo et al., 1991), Lobelia (Yoshitama, 1977) freesia,
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pansy, and Hyacinth (Hosokawa et al., 1995). These plant species are freely sold in Europe as both

garden plants and/or cut flowers. The concentration of delphinidin in some common delphinidin

containing species is shown in Table 3, and compared to Florigene Moonaqua™ (123.8.12). The levels

of delphinidin detected in the transgenic carnation flowers are within the range seen in common,

widely cultivated ornamental plants.

Table 3. Delphinidin concentration in some common delphinidin containing species. Data has been

generated by Florigene’s own analysis, with the exception of Hibiscus (Puckhaber et al., 2002).

Delphinidin (mg/g FW) Delphinidin as % all

anthocyanins
FLORIGENE Moonaqua™ (123.8.12) 0.07 74
Agapanthus 0.12 82
Brachycome 0.75 83
Cineraria 0.96 71
Delphinium 0.52 98
Dampiera 1.64 100
Hibiscus species 1-10 Less than 50%
Iris 1.26 100
Rhododendrum 0.14 50
Lisianthus 2.8 90
Pansy 3.9 84
Wisteria 0.39 89

Delphinidin is not known to be a toxic compound, when consumed or when handled. There is no
toxicity data in the Merck Index for the aglycone, the mono-glucoside or the 3°5’-glucoside of
delphinidin. Anthocyanins have a low acute toxicity of ca. 20,000 mg/kg BW in rodents, and a very
low order of toxicity (WHO, 2001) Delphinidin is found in many raw foods - such as red grapes,
black currants, egg plant (aubergine), blueberry, elderberry, bilberry and Jalapeno pepper. Major
health benefits attributed to anthocyanin consumption include improved cardiovascular health,
antiviral capacity and treatment of infection (Broadhurst, 2001). The health properties of
anthocyanins, including delphinidin, are further described in Sterling (2001) and Lila (2004).

The concentration of delphinidin we have measured in FLORIGENE Moonaqua™ (123.8.12) is
approximately 0.1 mg delphinidin per gram fresh weight petal. This is approximately one-fiftieth the
level in blueberry, for example, which may have up to 5 mg anthocyanin per gFW, 40% of which is
delphinidin (Kalt et al., 1999). We cannot rule out that petals from the transgenic carnation may be
used by some individuals to garnish a meal, and that they may be deliberately consumed as part of this
meal. However, it is reasonable to expect just a few petals would be used, which would be comparable

to a very small portion of a fruit containing delphinidin.

Florigene Moonaqua ™(123.8.12) Section B. Annex Il. ERA. aqua.doc -Page 4 of 13




Allergens are typically proteins. While there is no literature we are aware of reporting studies of the
allergenicity of delphinidin, reactions to anthocyanin containing foods have been studied - most
people are exposed to at least some anthocyanin in the course of their regular diet. A recent review
states that there are no reports of allergic reaction to either grape skin extract or grape colour extract -

both of which are widely used food colourants (Lucas et al., 2001), and contain delphinidin.

Toxicity and allergenicity of FLORIGENE Moonagua™ (123.8.12)

There are no Open reading frames present in the flanking sequences.Bioinformatic analysis of the
inserted DNA has shown that the transgenic plant FLORIGENE Moonaqua™ (123.8.12) does not
contain DNA sequences with homology to known toxins or allergens.

Exposure to FLORIGENE Moonaqua™ (123.8.12) flowers has been highest at the farms, where

flowers are produced (Figure 1 below) and treated in post harvest (Figure 2 below).

|

Figure 1. Harvest of transgenic carnation flowers, in

- .,

: ST, |
Ecuador
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Figure 2. svest grading and'ﬁsorting of carnio, Ecuador
The transgenic carnation line FLORIGENE Moonaqua™ (123.8.12) has been in commercial
production for several years and we therefore have a direct test for allergenicity as a result of the large
scale handling that has occurred. Specifically;

e In Ecuador 3.7 million flowers of FLORIGENE Moonaqua™ (123.8.12) have been produced
and processed at the farm, and 3.2 million flowers shipped throughout the USA, Canada and
Japan.

e In Colombia 4.0 million flowers of line FLORIGENE Moonaqua™ (123.8.12) have been
produced and processed by the farm and 3.7 million flowers shipped throughout the USA,
Canada and Japan

Zero allergenic or toxic effects have been reported at either the growing location, nor by any other

person exposed to the flowers (carriers, wholesalers, retailers or consumers).

Direct measurement of the potential toxicity of FLORIGENE Moonaqua™ (123.8.12) in comparison
with the parental variety the line was derived from have been made using an Ames test and an acute
toxicity test. Results are shown in Attachments B2 (Ames test) and B3 (acute toxicity test) and

indicate no toxic effects.

Literature cited
e Ando et al., Biochemical systematics and ecology, 27: 623-650, 1999
e Bloor and Falshaw, Phytochemistry, 53: 575-579, 2000
e Broadhurst, L. Phytochemicals: the ties that bind. Nutrition Science News, July 2001
o Cistero-Bahima, A, Enrique, E, Alonso, R, Del Marsam Miguel, M and Bartolom B. Simultaneous
occupational allergy to carnation and its parasite in a glasshouse worker J Allergy Clin. Immuno.
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Anthocyanins

Animal health

Imported cut flowers pose no risk of disease to animals. The conclusion from the review of toxicology
and allergenicity provided at question B2(a) suggests that there is no potential for harm, but in any
event there would be no opportunity for exposure of animals to significant numbers of flowers. This is
because the distribution chain for flowers is separate to animal feed and because this application is for
import of cut-flowers only. Lack of production sites in the EU completely rules out any potential for
growers to deliver waste plant material as animal feed.

Agqueous extracts from both leaf and petal tissues of FLORIGENE Moonaqua™ (123.8.12) have been
used in an acute toxicity assay was conducted in mice (Attachment B3) and there was no evidence of

toxicity.
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Plant health

Attachment B4 provides reports of experiments in which a plant bioassay was used to study potential
phytotoxicity and possible effects on microflora in soil which had been used to grow the GMHP.
While these tests are not directly relevant to imported cut flowers, the results indirectly support the
contention that there is likely to be no impact on plant health.On the basis of a seed germination and
growth assay, there was no evidence that there were any phytotoxic compounds leached into the soil
by either the recipient plant or FLORIGENE Moonaqua™ (123.8.12).

The product is imported cut flowers, and the receiving environment is the commercial environment of

airports, warehouses, trucks, shops and the home. Discarded flowers will be dead, or soon dead, and
have no ability to survive after use. Therefore, the primary consideration in terms of possible effects
on populations of other organisms in the EU relates to the potential for gene dispersal from the

imported cut flowers. This potential has been thoroughly assessed, and is outlined in Attachment B5.
Our analysis of the potential of gene dispersal from carnation flowers imported into the EU has been
independently reviewed by Dr. Keith Hammett (488c, Don Buck Road, Massey, Auckland 1008, and
New Zealand). Dr. Hammett is acknowledged as an expert on Dianthus breeding. He has concluded
“that the likelihood of gene dispersal from cut flowers of fully double carnations to be highly

improbable, if not inconceivable”.

Susceptibility to pathogens is monitored by the growers of the GMHP, who are located in Colombia

and Ecuador. The most important pathogens in carnation growing are Fusarium oxysporum, Fusarium
roseum, Pseudomonas, Botrytis sp and several leaf rusts. The most important insect pests are thrips
and spider mites. Based on history of chemical control and the results of scouting in the field, there is
no evidence that FLORIGENE Moonaqua (123.8.12) is any more susceptible to pathogens than
other carnation varieties. Whilst the growers are not growing the recipient plant, the general resistance
levels of the transgenic variety is within the normal range for carnation, excluding some varieties that

have been bred for high Fusarium resistance. The performance of the transgenic variety is that
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expected from specifications provided for the recipient variety by the breeder of that variety.
There is therefore no evidence of any increase in disease susceptibility that might lead to a change in
pathogen levels, or the creation of new pest reservoirs. This risk is even less relevant in the case of
imported cut flowers;

e Flowers are widely dispersed after arrival

e Flowers are dispersed into environments away from areas of commercial carnation production

e Flowers have a short longevity and will die a few weeks after import
There was no significant difference in the microflora profile of soil taken from around the roots of the
either the recipient plant or FLORIGENE Moonaqua™ (123.8.12).Cut flowers imported into the EU
are subject to pre- and post-entry inspection, and flower producers are very diligent in control of plant
pathogens. There is therefore a low risk of introduction of pathogens with the flowers. Even if
pathogens were to be imported, these pathogens are the same common fungal and bacterial diseases

that infect all carnations.

As outlined in answer to question B2(c) above there is no realistic potential for gene dispersal from

the imported cut flowers. Therefore, the potential for dissemination of the herbicide resistance gene
used as a selectable marker is negligible. However, as background information, we provide here

information on herbicide use in carnation production.

Herbicide use in carnation crop management

Herbicides are not widely used in the carnation industry. A few herbicides (e.g. Treflan) may be
recommended during production of some Dianthus bedding plants in a garden/ open situation (Lerner and
Dana, 1994; Smith, 2001), but this is not the same situation as that faced by a professional carnation cut
flower grower. An Italian company, Rocca Frutta, markets Oxadiazon for use in carnation, again in an
open field situation. This herbicide has much wider efficacy than chlorsulfuron, which is designed for use
in cereal crops against broad leaf weeds. Oxadiazon has an even lower toxicity than chlorsulfuron
(Cornell, 2001).

Potential for adoption of sulfonylurea in management of the GMHP

There is a nil to negligible possibility that the presence of a sulfonylurea resistance gene in the
genetically engineered carnation will lead to adoption of sulfonylurea herbicides by the carnation

industry.
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Florigene prohibit use of sulfonylureas in our crops by our contract growers.

Our current growers do not use herbicide for carnation production in any event - it is simply
unnecessary. There is no significant weed problem within the crop, as laborers remove all large
weeds within the crop and rapid canopy closure (carnation is planted at a density of 20 — 40
plants per square metre) prevents significant weed growth. The walkways between crops are
well worn, preventing any weed growth and plants growing from weed seeds can be manually
removed during flower collection, if necessary.

Sulfonylureas (such as Glean®, Brush-off®) are not designed/ registered for use with
ornamentals. Sulfonylureas are not effective against grasses, the major weeds of concern in the
industry.

Soil or soil substrate is usually treated with chemicals as a precaution against fungal disease.
This also kills weeds in the initial planting area and new weeds can only be brought in on the

wind or by people.

Literature cited

Cornell. Pesticide management extension program, Cornell University on
http://pmep.cce.cornell.edu/profiles/herb-growthreg. 2001

Lerner, BR and Dana MN. Weed control for the garden and landscape. Purdue University
Cooperative extension service, Department of Horticulture Rev7/94, 1994

Smith, T. Weed management for outdoor cut flowers. University of Massachusetts Floriculture
extension service, 2001

As the products are to be imported as cut flowers, no production related issues relating to fertilizer

usage, water usage degradation of waste material and their possible impact on soils, waterways and

the atmosphere are relevant. As the GMHPs have similar production requirements as other carnations,

any potential impact is, in any event, no different to that of conventional carnation.

Flowers imported into the EU will eventually be discarded in domestic and commercial waste, but the

volume of flowers and the fact that the products will be widely dispersed mean the organic mass is

negligible.
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The socio-economic effects of the introduction of the GMHP will be positive.

Imports into the EU

Flowers from the two carnation varieties already approved for use in the EU have been imported and
consumed for several years. Benefits have been associated with increased economic activity that has
come with sales activity and our growers have also benefited from an increased exposure to the
European market. A general observation is that the sales of the Florigene product have added to total
flower sales — i.e. demand has been created by the availability of new colours in carnation. Flow on
benefits to European based ancillary services such as graphic artists, floral designers, trade show
organizers and advertisers will occur as a direct result of importers needing to market the products. On
the basis of imports of 10 million flowers a year of FLORIGENE Moonaqua™ (123.8.12), we
estimate approximately 2.5 — 5 million euros in new economic activity will be generated, and that
three quarters to two-thirds of this value will remain in Europe.

Experience in other overseas markets

The experience in the US market has been positive.
e Sales of the Florigene product have created an increased demand for carnation flowers, as the
availability of new colours has resulted in new uses for the flower, for weddings for example.
¢ Significant economic activity is generated in the areas of marketing, distribution, postage and
advertising.
Other advantages of the introduction of our products have been to illustrate to the general public that
there are non-food applications of GM technology. Genetic modification of flowers has been well
received, and this is an important benefit for Europe, which is still the home of most of the world’s
flower breeders.

South America

The production of Florigene flowers in Colombia and Ecuador has been very positive for the two
contract growers we work with. Jobs have been created for approximately 75 people at each location,
in areas where unemployment is very high. The contracts have given both farms additional financial
security at a time when the economies of both countries have been stressed by conversion to US dollar
currency in Ecuador, strengthening of the Colombian peso, increased freight rates, inflation and
general economic fragility associate with political uncertainty. Suppliers to the growers (fertilizers,
chemicals, boxes, sleeves, freight etc.) have also benefited from the increased demand for their

services by the two growers.
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Key conclusions

An analysis of the biology of carnation shows no potential for gene dispersal as a result of
import of cut-flowers. The flowers are not invasive and there is no opportunity for the cut-
flowers to become “weeds”. Carnation is not a weed in Europe and despite hundreds of years
of cultivation, and plantings in parks and gardens, it has not become a weed, or escaped from
cultivation, anywhere in the world. No hybrid between carnation and any other Dianthus
species has ever been recorded in the wild.

FLORIGENE Moonaqua™ (123.8.12) has a history of safe use outside the EU.

Field trial results show substantial equivalence between FLORIGENE Moonaqua™ (123.8.12)
and the recipient plant, aside from a significantly reduced production of anthers, stamens and
styles in the transgenic line.

There is no evidence that carnation flowers in general, and the transgenic line that is the
subject of this application specifically, have any pathogenic, phytotoxic, toxic or allergenic

properties.

Specific considerations relevant to GMHPs outlined in Directive 2001/18/EC

1. Likelihood of the GMHP becoming more persistent than the recipient plant in agricultural

settings or more invasive in natural habitats. The imported carnation flowers will not be used
in an agricultural setting, and there is no opportunity for discarded flowers to become established
in natural habitats. Survey of areas adjacent to where the GMHP is grown in large numbers in
South America has not found any established populations.

Any selective advantage or disadvantage conferred to the GMHP. The GMHP differs from
the recipient in flower colour. Although the introduced delphinidin pigment is not found in any
cut flower carnation, it is found in many other plant species such as Gentiana, Petunia,
Centaurea, and Delphinium. No reports are available that suggest competitive advantages of
these plants over non-delphinidin producing plants. This application seeks to import transgenic
flowers for which there is a history of use, and no selective advantages have been observed in
field trials (measure for example by increased vigour, plant size, or enhanced reproductive
ability). Although the GMHP has an herbicide resistance gene, there are no management
differences between the GMHP and other carnations, as sulphonylureas herbicides are not

used during carnation production.
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3. Potential for gene transfer to the same or other sexually compatible plant species. There is no
potential for gene dispersal from imported cut flowers of the GMHP.

4. Potential and/or delayed environmental impact resulting from direct and indirect
interaction between the GMHP and non-target organisms. The environment in which the
imported flowers will be used, the relatively small number of flowers imported, their dispersal
across Europe, and the short longevity of the flowers are all factors that preclude any direct or
indirect interaction between the GMHP and non-target organisms.

5. Potential and/or delayed effects on human health. There are no expected short or long term
effects on human health. Carnation is not normally a food, and delphinidin is found naturally, and
considered to be beneficial, in many ornamental and food species. The genetic modification
does not result in production of gene-products whose function is unknown and no potentially
toxic compounds have been identified as a result of expression of the genes inserted.

6. Potential and/or delayed effects on animal health. The imported products will not be used in
animal feed.

7. Potential effects on geobiochemical processes. As the products are to be imported as cut
flowers, no production related issues relating to fertilizer usage, water usage degradation of
waste material and their possible impact on soils, waterways and the atmosphere are relevant

8. Possible direct and indirect environmental impacts of the specific cultivation, management
and harvesting techniques used for the GMHP. Not applicable. Importation, distribution and

use are no different to those used for other carnation flowers.

Possible medium to long term effects
FLORIGENE Moonaqua™ (123.8.12) is genetically stable, measured by flower colour. The variety is

vegetatively propagated, and likely to remain genetically stable, based on experience to date. The
conclusions on potential impacts on the environment and health are therefore also valid in the medium

to long term.
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SECTIONC
Additional information as required in Annex IV of
Directive 2001/18/EC

The product is cut flowers of the carnation (Dianthus caryophyllus) variety FLORIGENE
Moonaqua™ (123.8.12). The product is a standard carnation variety exhibiting modified flower
colour. The product also carries a gene encoding resistance to sulphonylurea-type herbicides. This

resistance is only important for selecting transgenic lines during the tissue culture process.

FLORIGENE Moonaqua™ (123.8.12) is the trade name for the variety. Plant Breeders Rights have

been applied for in Colombia and Ecuador under the name Floricordierite.

Florigene codes and unique identifier numbers for the variety are as shown in the table below.

Trade name Florigene codes Unique
Identifier number
FLORIGENE Moonaqua™  123.8.12 ( also 40689) FLO-40689-6

The Unique identifier number has been allocated based on the OECD system, and are consistent with
Commission regulation (EC)N0.65/2004.
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Ms. Juliette Gray
Suntory Ltd.
Buchanan House

3 St. James's Square,

London SW1Y4JU,

U.K.

Phone 44-20-7839-9370

Fax 44-20-7839-9379

e-mail juliette.gray@suntory-uk.co.uk

Control samples and samples of transgenic material may be obtained from Florigene, 1 Park Drive,
Bundoora, VIC 3083, Australia.

The product is imported cut flowers. The flowers will be imported in the same way as other

carnation cut flowers, by air freight. Flowers are produced in Colombia and Ecuador and will
primarily be imported into London, Amsterdam and Frankfurt.
The imported GMO is intended to be use in exactly the same way as other carnation flowers
imported from outside the EU. Main use will include;

e Unpacking and repacking for hydration at point of arrival.

e Repacking into bouquets and arrangements at point of arrival.

e Distribution of flowers to wholesale markets, florists and supermarkets

e Consumption by florists in flower arranging

e General purchase by the general public at all outlets where flowers may be sold, such as

florists, garages, supermarkets, hypermarkets etc.

e Distribution as gift items between members of the general public
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There are no differences in use or management compared to non-genetically modified carnation

flowers..

The imported product is intended to be used anywhere in the community. In practice it is expected

flowers will be imported into the Netherlands, United Kingdom, Germany and Scandinavia.
Consumption is likely to be in the countries that flowers are imported into and concentrated in the
major metropolitan areas. There is likely to be some cross border trade — for example from

Germany to Poland and Austria and from the Netherlands to Belgium and France.

The flowers will be used in the same types of environment as other imported cut flowers, including
airports, wholesalers, florists, supermarkets, restaurants, weddings, funerals, homes and any other

situation where floral decoration is desired.

We estimate annual consumption for the variety will be approximately 25 million flowers
eventually. In the first year 1 million flowers are likely to be consumed across the whole EU.
Typically, flowers are consumed by many consumers in small numbers. We expect flowers to be
sold to 10 — 20 wholesalers, who would then sell smaller numbers (10-100 flowers) to individual

florists.

Flower importers, flower auctioneers, flower wholesalers, distributors, retailers, florists and the

general public will use the flowers. FLORIGENE Moonaqua™ (123.8.12) has been consumed in the

USA for several years now.
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(a) Detail of nucleotide sequences necessary to identify the GMO. A PCR based identification

technique is outlined in Attachment C1. This attachment includes the nucleotide sequences
necessary to identify the GMO. Whilst the GMHP flowers can be readily identified by their

colour, the PCR technique may be used on any tissue.

(b) Methodology for identifying and detecting the GMO product. Refer to Attachment C1.

(c) Experimental data demonstrating the specificity of the methodology. Refer to Attachment C1.

The labelling strategy is directed to the earlier parts of the supply chain. We do not believe it is
feasible and practical to label further along the chain. This is because it is common practice in the
industry to use flowers in arrangements, which are often exchanged as gifts. It is unreasonable to
guarantee labelling in those types of situations. In the industry it is also usual practice for retailers
to remove any packaging used by growers (sleeves for example) before display for retail. This also

hampers ability to effectively label.

Written information to distributors

Florigene will carry out the following actions;
In compliance with article 4(1) of EC/1830/EC a letter in English to all importers, listing;
e Commercial name of the product, unique identifier and name of the GMO
e Restrictions on sales of the flowers outside of the EU
e Contact details at Florigene Pty. Ltd. should they want more information
e In compliance with article 4(2) of EC/1830/EC a request to importers that sales by
wholesaler and variety are recorded, and are held for five years, and that their customers are

required to do the same.
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Labels

In compliance with article 6 of EC/1830/EC, products will be labeled. The proposed wording to be
used will be;

“These flowers are genetically modified to alter the flower colour and are for ornamental use only”.
This wording makes it clear that the carnations are definitely not for feed and food use.

Flowers of a transgenic carnation variety, FLORIGENE Moonshadow™ (C/NL/97/1431363A) are
already imported into and sold in the EU. For these flowers, we place a label inside every box or on
every sleeve that is shipped to the EU. The wording on this label is:

"These flowers are genetically modified to alter the flower colour and are only produced for use as
an ornamental product."”

Label formats

Label formats have been chosen that are practical. It is impractical to tag or label individual
flowers. Florists would remove them, defeating the objective of labeling.

e Sleeves. Sleeves will carry the wording, and will also include the Florigene website address.
We accept that sometimes the flowers may not be sold to the general public in the sleeves
they were shipped in, and that this is out of our control.

e The website will carry unique identifier information and identify the flowers as genetically
modified. The Florigene website has been updated, and now provides in English, German
and French the commercial name of authorised products, the name of the GMO and the
unique identifier. These parts of the website also carry a brief explanation of the genetic
modification for colour, contact details at Florigene Pty. Limited (Australia) should they
want more information and details of the permit approvals. A links section to the Biosafety
protocol and European and another regulatory agencies

e Florigene will provide accessories for the use of florists that will carry the Florigene web
site address. Examples are florists ribbon and papers.

e Stickers, tags and gift cards will be provided to florists for use with the final bouquet
arrangements. These will carry the wording, to the effect that some flowers in the

arrangement are genetically modified.

Point of purchase materials will be distributed to retail outlets via importers and wholesalers.

Shipping documents

With each shipment of flowers to the EU there will be a manifest (packing list) from the farm, an

airway bill and a phytosanitary certificate. Florigene will send an invoice electronically direct to the
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importer, from Australia. We have actively been seeking advice from the Australian government, so
that if necessary we can modify our shipping documents to be consistent with the requirements of
the Biosafety treaty. Our understanding is that there are still no specific documentation
requirements, but our intention is to adapt the commercial invoice sent from Australia to include

any information required under the treaty.

Through diligent effort, a carnation grower or breeder, or a reasonably well trained horticulturist or
amateur gardener could attempt to vegetatively propagate plants from nodes or axillary meristems
isolated from the stems of the imported cut flowers. Conceivably, there could therefore be an
unintended release or misuse in this context.

Were a professional breeder or grower to attempt illegal propagation Florigene would use the patent
protection and PBR protection covering the varieties to prevent production. We would expect the
market to alert us to such illegal activities.

In the event of an isolated incident of amateur horticulture, there would be no associated risk, as
there is no realistic avenue for gene dispersal in carnation. This is addressed in the environmental
risk assessment 